Abstract Considerable research has tested physical activity (PA) interventions to prevent and treat overweight and obesity. This comprehensive meta-analysis synthesized the anthropometric effects of supervised exercise interventions and motivational interventions to increase PA. Eligible intervention studies included healthy participants with reported anthropometric outcomes [e.g., body mass index (BMI)]. Extensive searching located 54,642 potentially eligible studies. We included data from 535 supervised exercise and 283 motivational interventions in our syntheses, which used random-effects analyses. Exploratory moderator analyses used metaanalytic analogues of ANOVA and regression. We synthesized data from 20,494 participants in supervised exercise and 94,711 undergoing motivational interventions. The overall mean effect sizes (ES, d) for treatment versus control groups in supervised exercise interventions were 0.20 (treatment vs. control withingroup comparison) and 0.22 (between-group comparison). The ES of 0.22 represents a post-intervention BMI of 26.7 kg/m 2 for treatment participants relative to 27.7 kg/m 2 for controls. The corresponding mean ES for motivational interventions was significantly smaller (d = 0.09 for between group, d = 0.10 for treatment vs. control within-group). Control group within-group comparisons revealed slightly worsening anthropometric outcomes during study participation (d = -0.03 to -0.04). Moderator analyses identified potential variables for future research. These findings document significant improvements in anthropometric effects from both supervised exercise and motivational interventions.
. Inadequate physical activity (PA) is one cause of the excess weight epidemic, and proper PA is a potential treatment for reducing weight and maintaining weight loss (Jakicic & Otto, 2005; Wareham et al., 2005) . PA is an attractive intervention because it may have health benefits beyond weight control (Jakicic, 2009) . Numerous PA intervention trials have examined anthropometric outcomes such as weight, body mass index (BMI), and percent body fat. The proliferation of such studies suggests the need to quantitatively synthesize this body of work to improve outcomes by identifying characteristics of effective interventions.
Some evidence suggests that interventions combining PA and diet are more effective than diet alone in producing and maintaining weight reduction (Anderson, Konz, Frederich, & Wood, 2001; Avenell et al., 2004; Curioni & Lourenco, 2005; Franz et al., 2007) . Evidence is mixed regarding whether PA interventions alone can significantly alter anthropometric outcomes (Franz et al., 2007; Garrow & Summerbell, 1995; Miller, Koceja, & Hamilton, 1997; Ohkawara, Tanaka, Miyachi, Ishikawa-Takata, & Tabata, 2007; Richardson et al., 2008) . The most comprehensive meta-analysis of PA's effects on anthropometric measures, published in 1991, included only 53 studies and split findings into several groups; anthropometric effects were linked with gender and baseline anthropometric values (Ballor & Keesey, 1991) . Most previous meta-analyses of anthropometric outcomes of PA interventions synthesized few studies and did not conduct moderator analyses (Franz et al., 2007; Miller et al., 1997; Norris et al., 2005; Ohkawara et al., 2007; Shaw, Gennat, O'Rourke, & Del Mar, 2006) . Other meta-analyses did not separate interventions for diet and PA (Galani & Schneider, 2007) , and some focused on clinical populations (Avenell et al., 2004; Norris et al., 2005) . Important questions remain regarding the magnitude of PA intervention effects on anthropometric outcomes. Previous syntheses addressed neither supervised exercise interventions that manipulated exercise dose (henceforth ''supervised exercise''), nor interventions designed to motivate participants to increase PA (henceforth ''motivational interventions''). It is important to distinguish programs that directly manipulate PA dose from those that simply recommend increased PA. In addition, moderator analyses are needed that examine sample and intervention characteristics associated with better anthropometric effects.
This study extends previous syntheses in three ways. First, we comprehensively searched for PA studies with anthropometric outcomes. Second, we examined both supervised exercise and motivational interventions. Third, we conducted moderator analyses to determine which characteristics of sample, design, or intervention were associated with effects. Our primary research questions were: (1) What is the overall effect of supervised exercise interventions on anthropometric outcomes? (2) How do the anthropometric effects of supervised exercise vary depending on sample, design, or intervention characteristics? (3) What is the overall effect of motivational interventions on anthropometric outcomes? (4) How do the anthropometric effects of motivational interventions vary depending on sample, design, or intervention attributes?
Methods
We used widely-accepted research synthesis and meta-analysis methods, including PRIMSA guidelines, to locate and retrieve potential studies, assess eligibility, reliably code data, meta-analyze primary study results, and interpret findings (Cooper, Hedges, & Valentine, 2009; Liberati et al., 2009 ). The protocol we used is available from the corresponding author.
Search Strategies
We utilized multiple search strategies to limit bias from narrow searches (White, 2009 ). An experienced reference librarian performed searches in 13 databases (e.g., MEDLINE, SportDiscus). We conducted searches from 1960 forward because computerized databases rarely contain papers published before that date. We searched 36 research registers (e.g., CRISP, National Health Service Clinical Trials Register) to identify potential studies (Reed & Baxter, 2009 ). We used comprehensive search terms (PA: exercise, exercise therapy, exertion, PA, physical fitness, physical education and training, walking; intervention: adherence, behavior therapy, clinical trial, compliance, counseling, evaluation, evaluation study, evidence-based medicine, health care evaluation, health behavior, health education, health promotion, intervention, outcome and process assessment, patient education, program, program development, program evaluation, self-care, treatment outcome, validation study). Staff hand-searched 82 journals that published more than two eligible studies, because computerized database searches generally miss some eligible studies (Reed & Baxter, 2009 ). We also conducted computerized database searches on senior authors and principal investigators of eligible studies, and performed ancestry searches on reference lists and review articles.
Inclusion Criteria
We included studies if they reported anthropometric outcomes following either supervised exercise with verified exercise dose or motivational interventions. Supervised exercise studies used research staff-controlled exercise sessions at centralized exercise locations to test the effects of a verified exercise dose. To ensure that the outcomes were based on a verified exercise dose, we included supervised exercise studies only if anthropometric outcomes were measured within 7 days of completion of the most recent regulated exercise session. Primary study investigators designed motivational and educational interventions to convince subjects to change their exercise behavior. Motivational interventions did not include a verified exercise dose within the previous 6 months.
We synthesized primary studies if they included healthy adult samples, regardless of sample weight characteristics. We included studies that described samples as healthy or without acute or chronic illnesses. Eligible anthropometric outcomes included weight, BMI, percent body fat, and central obesity (i.e., waist-to-hip ratio). We included studies with diverse interventions to represent existing literature and facilitate moderator analyses of the effects of intervention variations. To adequately represent extant research, we included primary studies that exclusively targeted PA behavior and studies that focused on changing both PA behavior and diet. We used moderator analyses to address differences between studies that combined PA and diet and studies that only addressed PA behavior. We included both published and unpublished studies because the statistical significance of findings is the most consistent difference between published and unpublished reports and because publication status is an inadequate proxy measure of study quality (Rothstein & Hopewell, 2009 ). We included small sample studies because, though they may lack statistical power, they do contribute to effect size (ES) estimates. We weighted ES estimates so more precise estimates (e.g., due to larger sample sizes) would be proportionally given more influence on our findings.
Eligibility Determinations
Full-time project research specialists were employed to screen searches conducted by reference librarians, conduct other searches, and determine eligibility. Employed research specialists were necessary because of the size of the parent project; 54,642 studies were considered for inclusion. All research specialists had graduate degrees in health or behavioral sciences. We applied a staged eligibility protocol. Research specialists determined initial eligibility by the presence of an exercise intervention, which constituted either a supervised exercise or a motivational intervention. Research specialists initiated this stage when reviewing potential study abstracts and confirmed with full reports. Research specialists always performed the next stage of eligibility on full reports to determine the eligibility of primary study samples as healthy adults. Research specialist and the principal investigator (VSC) determined the third stage of eligibility by the presence of outcome measures for the parent project and the adequacy of findings for calculating ESs. The principal investigator or other co-investigators evaluated potential primary studies with unclear eligibility.
Primary Study Quality and Risk of Bias
The scientific rigor of the studies we reviewed varied dramatically. Strategies meta-analysts use to address quality include a priori limitations to including studies with quality problems and post hoc approaches that consider quality as an empirical question (Cooper, 2009; Valentine, 2009) . Most syntheses apply a blend of approaches (Valentine, 2009) , and ours used both. Design is an important component of study quality. We partially addressed design bias by reporting ESs separately for two-group post-intervention comparisons, two-group pre-post comparisons, and treatment single-group comparisons. We reported control single-group comparisons to explore potential bias from research study participation. We excluded studies without control groups from the main analyses, and presented findings from single-group studies as ancillary findings.
We considered the impact of subject randomization as an empirical question. We conducted a sensitivity analysis on the method of assignment of subjects to groups. Attrition is an important quality feature in this area of research. We used moderator analyses to assess the potential link between attrition and study outcomes. We statistically managed another common scientific rigor attribute, sample size. We included small sample studies because, though they may lack statistical power, they do contribute to ES estimates. We weighted ES estimates so that more precise estimates (e.g., due to larger sample sizes) would be given proportionally more influence on our findings. Although publication status has major limitations as a proxy measure of study quality, we conducted moderator analyses on publication status as a form of sensitivity analysis.
To avoid the bias introduced by including studies with larger ESs, which are often easier to locate, we used intensive and extensive search strategies. We managed potential reporting bias within studies by coding anthropometric measures determined a priori. We included both published and unpublished studies because the statistical significance of findings is the most consistent difference between published and unpublished reports and because publication status is an inadequate proxy measure of study quality (Rothstein & Hopewell, 2009 ). We assessed publication bias using multiple methods described in Table 1 .
Data Extraction, Management, and Analyses
To assess report, experimental, sample, intervention, and outcome data, we developed a coding frame from previous related meta-analyses, review papers, and extensive examinations of primary reports (Lipsey, 2009) . We pilot tested the coding frame on 30 studies and revised it prior to full implementation. We coded data at the micro-level to enhance reliability and validity (Orwin & Vevea, 2009) .
Two extensively trained coders independently extracted data from each eligible report. A doctorally prepared researcher independently verified all ES data. To ensure valid data, we compared independently assessed codes for each variable to achieve full consensus.
We analyzed separately studies of anthropometric outcomes of supervised exercise and motivational interventions. We calculated a standardized mean difference (l d ) ES for each comparison (Morris & DeShon, 2002) . Details of the analyses are provided in Table 1 .
Results
Comprehensive searching yielded 54,642 reports that we considered for inclusion. Figure 1 depicts the flow of potential studies through the study. We coded eligible data from 535 supervised exercise and 283 motivational intervention research reports. Among the supervised exercise studies with outcomes measured within 7 days of completing the supervised exercise, 81 studies contributed an ES to at least one analysis and comprised an intervention that included some motivational component. Sixteen studies had an intervention classified as motivational that also had a supervised exercise component completed at least 180 days prior to outcome measurement, and contributed an ES to at least one analysis. Dissertations and presentations contributed unpublished studies (s = 66; s denotes the number of reports, k indicates the number of comparisons). Primary study authors published 236 reports in 2000 or later. The list of primary studies is available in electronic supplementary material.
Characteristics of Primary Studies
We calculated supervised exercise ESs from data pertaining to 20,494 participants. Between-group analyses included 302 comparisons of 8,927 participants (s = 208). Most (k = 219) were randomized controlled trails. Treatment within-group quasi-experimental comparisons used data from 16,806 participants (k = 763, s = 530). We calculated motivational intervention ESs from data for 94,711 participants. Between-group comparison analyses included 76 comparisons of 45,992 participants (s = 63). Fortythree of these studies were randomized controlled trials. Treatment within-group quasi-experimental comparisons used data from 56,258 participants (k = 436, s = 275). Table 2 lists key characteristics of primary studies. Primary study authors reported median post-test Outlier management included excluding cases that depart substantially from others (Hedges & Olkin, 1985) Potential outliers identified by omitting each ES and checking for large externally standardized random-effects residuals or substantially reduced measures of heterogeneity Analyses without outliers emphasized in manuscript Sensitivity analyses conducted without excluding outliers Heterogeneity Q heterogeneity statistic to test homogeneity I 2 index of heterogeneity beyond within-study sampling error Random-effect model for analyses because expected heterogeneity: model assumes both subject-level sampling error and study-level error Strategies to deal with heterogeneity (Higgins et al., 2003) :
Both location parameter and variability parameter reported
Reported findings of the random-effects model that assumes heterogeneity
Sources of heterogeneity explored by moderator analyses
Results interpreted in light of heterogeneity Multiple treatment groups Multiple treatment groups compared to same control group included by accounting for dependence resulting from shared control group (Gleser & Olkin, 2009) ESs as original metric Mean ES converted to original metric of body mass index and weight:
Meta-analyzed means or SDs from samples that used the measure with the appropriate type of intervention to obtain the hypothetical reference SD and means used to express estimated mean effect sizes in a specific original metric
To determine the mean BMI/weight for the treatment group, the product of the effect size and standard deviation was added to the control group mean Potential publication bias Potential publication bias explored using multiple approaches, including estimates of the number of omitted studies, tests of funnel-plot asymmetry, and selection function procedures (Gleser & Olkin, 1996; Rosenthal, 1979; Sterne & Egger, 2001; Sutton, 2009; Vevea & Hedges, 1995) Exploratory moderator analyses
Moderator analyses conducted on study-level data (not individual subject level data) We documented attrition among supervised exercise studies (Mdn = 5-8 %) and motivational intervention studies (Mdn = 15-18 %).
Overall Effects of Supervised Exercise Interventions
We excluded identified outlier ESs from the main analyses. For supervised exercise, we omitted the following: between-group (5, or 2 %, when ignoring multiple-treatment dependence; 6, or 2 %, otherwise), two-group within-group (9, or 3 %), treatment withingroup (44, or 5 %), and control within-group ESs (5, or 2 %). Table 3 shows the estimated overall mean ESs, confidence intervals, and associated statistics calculated for anthropometric outcomes with outliers excluded (see Table 4 . In terms of weight, the between-group comparison mean ES of 0.22 is consistent with a mean difference of 2.4 kg between treatment and control participants (average SD = 10.9).
Supervised exercise significantly improved anthropometric effects for treatment versus control withingroup comparisons (outliers excluded:l d = 0.20; outliers included:l d = 0.21). The treatment withingroup comparisons also documented significant improved anthropometric effects (outliers excluded: l d = 0.20, outliers included:l d = 0.22). In contrast, control within-group comparisons revealed statistically significant worse anthropometric outcomes at final data collection compared to baseline assessment (outliers excluded:l d = -0.03, outliers included: l d = -0.02). Findings from heterogeneity analyses (Q and I 2 ) suggest substantial variation in true ESs among studies for the between-group and treatment within-group comparisons, but homogeneity for the two other types of comparisons. 
Supervised Exercise Moderator Analyses
We conducted moderator analyses on between-group data with outliers excluded for supervised exercise (see Tables 5 and 6 in electronic supplementary material).
Dichotomous Moderators
The difference between studies that included participants without pre-intervention exercise behavior (l d = 0.24) and those whose participants reported pre-intervention exercise (l d = 0.15) was not statistically significant (see Table 5 in electronic supplementary material). Interventions that targeted both exercise and diet behavior did not report significantly different anthropometric effects (l d = 0.29) than studies targeting only PA behavior (l d = 0.22). Supervised exercise interventions that included both aerobic and resistance exercise did not yield significantly different anthropometric effects (l d = 0.17) than interventions using only endurance exercise (l d = 0.24). Our analyses of other potential dichotomous moderators (publication status, random subject assignment) did not yield significant Q between values.
Continuous Moderators
Exercise dose was an important variable (see Table 6 in electronic supplementary material). Studies with more exercise sessions reported larger improvements in anthropometrics. We observed a similar pattern for the total minutes of supervised exercise in both the cubic and linear analyses. Further analyses indicated that the total number of sessions was the important component of the total minutes of supervised exercise. In contrast, neither the number of minutes of supervised exercise per session, nor the frequency of exercise sessions per week, was a significant moderator of anthropometric effects. Analyses comparing low-, moderate-, and high-intensity exercise did not yield statistically significant differences by intensity. Neither sample age, proportion female, proportion minority, attrition, baseline BMI, baseline weight, nor publication year was a significant moderator in the mixed-effects analysis.
Overall Effects of Motivational Interventions
For motivational interventions we omitted identified outliers from the main analyses: between-group (5, or 6 %), treatment versus control within-group (6, or 8 %), treatment within-group (18, or 4 %), and control within-group ESs (8, or 12 %). Motivational interventions significantly improved anthropometric outcomes. Table 3 shows the estimated overall mean ESs, confidence intervals, and associated statistics calculated for anthropometric outcomes of motivational interventions with outliers excluded (analyses with outliers included are in supplementary materials). The mean ES for betweengroup comparisons was 0.09 for the analyses with outliers excluded and 0.17 with outliers included. In terms of BMI, the between-group mean ES of 0.09 for motivational interventions is consistent with a mean difference of 0.4 between treatment and control participants (average SD = 4.4). For instance, treatment participants would end studies with a mean BMI of 27.0 kg/m 2 while control participants' mean BMI would be 27.4 kg/m 2 . In terms of weight, the between-group mean ES of 0.10 is consistent with a mean difference of 1.3 kg between treatment and control participants.
For treatment versus control within-group comparisons, the mean ES was 0.10 with outliers excluded and 0.15 with outliers included. The mean treatment withingroup ES was 0.20 for the analyses without outliers and 0.21 for the analyses including outliers. The control within-group comparisons documented significantly worse anthropometric outcomes at final assessment relative to baseline values (outliers excluded:l d = -0.04, outliers included:l d = -0.05). All of the ESs for motivational interventions were significantly heterogeneous.
Motivational Intervention Moderator Analyses
We conducted moderator analyses on between-group data with outliers excluded for motivational interventions (see Tables 7 and 8 in electronic supplementary  material) .
Dichotomous Moderators
Several of the dichotomous moderator analyses should be interpreted cautiously, given the small sample sizes (k) for some variables. Unpublished studies (l d = 0.32) reported larger anthropometric effects than published studies (l d = 0.08). Neither sample nor design characteristics were related to anthropometric effects. Motivational interventions included diverse strategies to increase PA behavior. Studies that reported using the transtheoretical model to design interventions reported larger ESs (l d = 0.21) than studies using social cognitive theory (l d = 0.07). There were no differences in anthropometric effects between studies that used behavioral strategies and those using cognitive strategies. Studies that described their intervention as ''behavior modification'' reported poorer anthropometric effects (l d = 0.00) than studies not using this descriptor (l d = 0.11). Interventions that did not recommend walking as PA (l d = 0.13) improved anthropometric effects more than those that did recommend it (l d = 0.04). The difference between interventions that recommended low-intensity PA (l d = 0.10) and moderate-or high-intensity PA (l d = 0.19) was not statistically significant. Studies reported similar ESs regardless of whether they targeted PA behavior only (l d = 0.08) or targeted both PA behavior and diet (l d = 0.10). The difference between studies with face-to-face intervention delivery and those with mediated delivery was not statistically significant. Linking interventions to worksites or primary care did not significantly change anthropometric effects. Other dichotomous potential moderators were unrelated to anthropometric effects (see Table 7 in electronic supplementary material).
Continuous Moderators
Age was significant in the cubic analysis but not in the linear analysis (see Table 8 in electronic supplementary material). The mean ES was lowest for samples whose mean age was in the mid to late 20 s or in the late 40 s to mid 50 s, and was highest for those in the 30 s or early 60 s. Neither baseline weight nor BMI was a significant moderator of ESs. Studies that measured outcomes around 35-300 days reported the best anthropometric effects. Studies that recommended about 100-250 min of PA per week reported lower anthropometric ESs than studies that recommended fewer or more minutes.
The mixed-effects meta-regression analyses of baseline mean BMI and weight for supervised PA and motivational interventions provide weak evidence for an association between baseline mean and mean posttest ES. All four analyses indicate a larger positive intervention effect for samples with higher baseline mean, especially in regards to weight, but only one of them is statistically significant (see Table 9 in electronic supplementary material: this table depicts ESs at three quartiles for baseline BMI and weight).
Comparison of Supervised and Motivational Interventions and Evidence of Publication Bias
We compared anthropometric between-group mean ESs of supervised exercise and motivational interventions. J Primary Prevent (2014) 35:203-215 211 Supervised exercise was significantly more effective than motivational interventions in improving anthropometric outcomes (z = 3.70, p = .0002).
The results of selection function estimation and funnel-plot asymmetry assessment suggest no evidence of publication bias for between-group ESs from supervised exercise. For the other five combinations of ES type and intervention type, we found some evidence of publication bias. Adjusting for this publication bias using selection-function methods increased the mean ES for intervention ESs (i.e., between-group and treatment within-group for supervised exercise, treatment within-group for motivational interventions).
Discussion

Main Findings
Obesity is projected to become the leading determinant of preventable burden of disease (Lemmens, Oenema, Klepp, Henriksen, & Brug, 2008) . This meta-analysis is the first comprehensive synthesis of the effects of supervised exercise and motivational interventions on anthropometric outcomes. The supervised exercise ES finding equivalent to 2.4 kg is similar to that of a smaller meta-analysis of combined diet and exercise interventions in overweight adults that reported a 2.19 kg (k = 13) weight change (Galani & Schneider, 2007) . Exercise-only interventions have reported similar changes: 2.8 kg (k = 7; Garrow & Summerbell, 1995) , 1.27 kg (k = 9; Richardson et al., 2008) , and 2.9 kg (k = 90; Miller et al., 1997) . Larger weight losses (7.47-14.99 kg) were reported in a meta-analysis of 2-year structured programs with very low-energy diets (\800 kcal/day) in overweight samples (Anderson et al., 2001) . The variations in weight loss likely reflect partially non-overlapping primary studies, usually resulting from limited searches. Our comprehensive search strategies likely retrieved more studies with smaller ESs than previously reported meta-analyses with larger ESs, because more obscure studies are likely to have smaller ESs (Borenstein, Hedges, Higgins, & Rothstein, 2009; Rothstein & Hopewell, 2009; Sutton, 2009 ). This comprehensive meta-analysis thus provides more stable estimates of ESs.
The accumulated improvements in anthropometric outcomes across years of PA could be large. In this meta-analysis interventions extended approximately 14 weeks. Weight loss could be greater over longer follow-up periods (Anderson et al., 2001; Curioni & Lourenco, 2005; Franz et al., 2007) . Small weight losses may be important. The early loss of visceral fat may have significant health benefits (Atlantis, Barnes, & Singh, 2006; de Koning, Merchant, Pogue, & Anand, 2007; Lee, Huxley, Wildman, & Woodward, 2008) . Attention to visceral fat assessments in future research may allow future meta-analyses to quantify the effects of PA on central obesity. Exercise confers health benefits regardless of weight loss (Shaw et al., 2006) . Indeed, fitness is a better predictor of mortality than smoking status, blood pressure, or cholesterol levels (Wei et al., 1999) . These important health benefits of PA can be used to encourage adults to engage in regular PA, regardless of changes in anthropometric outcomes.
Several possible explanations exist for the modest anthropometric effects in supervised exercise studies that we have reported. Participants may have reduced their overall PA or increased their food intake, or the exercise stimulus may have been insufficient (Thomas et al., 2012) . Sedentary participants may have increased their muscle mass without changing weight. Future studies could address this issue by employing accurate measures of body composition.
Although these studies had limited follow-up, control participants gained a small amount of weight while treatment participants reduced weight. The control sample weight gain is consistent with previous findings regarding the importance of exercise in preventing weight gain (Anderson et al., 2001) . Epidemiological data suggest that normal-weight women require 60 min of moderate-intensity activity every day to avoid weight gain (Lee, Djousse, Sesso, Wang, & Buring, 2010) . Projecting weight changes over several years could result in highly clinically meaningful improvements (Ballor & Keesey,1991; Ohkawara et al., 2007; Shaw et al., 2006) . These findings suggest every effort should be made to increase PA among sedentary adults to prevent weight gain. Behavioral strategies, such as self-monitoring PA behavior, cues or prompts to exercise, rewards for PA behavior, specific goal setting, and contracting, which have been found effective in large scale metaanalyses, should be used to increase PA to minimize overweight and obesity (Conn, Hafdahl, Brown, & Brown, 2008; Conn, Hafdahl, & Mehr, 2011; Conn, Valentine, & Cooper, 2002) .
Implications of Moderator Findings
Our analyses found no difference between studies that exclusively targeted PA and those that combined PA and diet changes. Previous reviews have reported mixed findings in this regard (Anderson et al., 2001; Avenell et al., 2004; Curioni & Lourenco, 2005; Franz et al., 2007; Miller et al., 1997; Shaw et al., 2006) . The possibility that subjects differentially alter other concurrent PA, or may not change their diet, may help explain these findings. Limited follow-up may obscure possible long term differences between exercise only and exercise plus diet interventions.
The finding that ES was unrelated to baseline weight or BMI was unexpected. Smaller reductions in anthropometric outcomes might be expected for normalweight samples. A previous meta-analysis of 30 studies reported slightly larger weight loss among obese subjects (3.49 kg) as compared to overweight subjects (2.19; Galani & Schneider, 2007 ). An early attempt to synthesize studies without standard meta-analytic estimation of ESs suggested greater weight loss among overweight relative to normal weight subjects (Epstein & Wing, 1980) . Most previous meta-analyses have not compared normal weight to overweight samples. It is possible that the similar improvements across baseline weight and BMI result from short study duration.
Research that follows samples with verified exercise dose over multiple years may find greater improvements in anthropometric outcomes among overweight and obese adults than among normal weight subjects.
This study was designed as a comprehensive review. Findings confirmed the expected heterogeneity. The moderator analyses identified some study characteristics linked with effects. In supervised exercise studies, new exercisers (those without a history of exercise) lost more weight than routine exercisers. The exercise dose, specifically the number of exercise sessions, was also a significant moderator. This finding suggests that healthy samples should be encouraged to engage in long-term frequent exercise sessions to achieve desired outcomes.
Limitations
Study limitations include methods weaknesses specific to individual studies and to meta-analysis. Anthropometric assessments may have measurement error. Participants may experience changes in fat-free mass and visceral adiposity without having weight or BMI changes (Mekala & Tritos, 2009) . Some moderator variables were inconsistently reported in a manner that limits confidence in the findings we reported. While individual subject level data would have been useful for some analyses, such as to address whether baseline anthropometric scores affect outcomes, no individual subject level information was used in this project. Important components of study quality and treatment fidelity are poorly reported in primary studies. Moderator analyses are complicated because of potential confounding by other moderators. Separating a target moderator's effect from that of associated moderators is difficult, especially when substantial amounts of data are missing. Despite comprehensive searches for companion papers to provide adequate data for calculating ESs, we excluded some studies for lack of data. Finally, meta-analysis findings are observational and should generate further research.
Conclusions
This comprehensive meta-analysis documented significant positive anthropometric effects of both supervised exercise interventions and motivational interventions. Although the magnitude of effects may appear small, significant health benefits may accrue when PA is extended over multiple years. Motivational interventions were modestly effective in improving anthropometric outcomes. The pattern of worsening anthropometric outcomes among control participants suggests that one of PA's most important benefits may be in preventing weight gain. The exploratory moderator analyses suggest directions for future primary research.
